Introduction {#Sec1}
============

Supersymmetry (SUSY) \[[@CR1]--[@CR7]\] is an extension of the Standard Model (SM) that introduces partner particles (called *sparticles*) that differ by half a unit of spin from their SM counterparts. The squarks ($\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\ell }$$\end{document}$) are the scalar partners of the quarks and leptons, respectively, and the gluinos ($\documentclass[12pt]{minimal}
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                \begin{document}$${\tilde{\chi }}_{i}^{0}$$\end{document}$) are the mass eigenstates (where the index *i* is ordered from the lightest to the heaviest) formed from the linear superpositions of the SUSY partners of the Higgs bosons (higgsinos) and electroweak gauge bosons.

If the masses of the gluino, higgsinos, and top squarks are close to the $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {TeV}$$\end{document}$ scale, SUSY may offer a solution to the SM hierarchy problem \[[@CR8]--[@CR11]\]. In this case, strongly interacting sparticles should be produced at a high enough rate to be detected by the experiments at the large hadron collider (LHC). For models with R-parity conservation \[[@CR12]\], such sparticles would be pair-produced and are expected to decay into jets, perhaps leptons, and the lightest stable SUSY particle (LSP). The LSP is assumed to be only weakly interacting and therefore escapes the detector, resulting in events with potentially large missing transverse momentum ($\documentclass[12pt]{minimal}
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                \begin{document}$$E_{\text {T}}^{\text {miss}}$$\end{document}$). In such a scenario the LSP could be a dark-matter candidate \[[@CR13], [@CR14]\].

Final states containing pairs of leptons may arise from the cascade decays of squarks and gluinos via several mechanisms. In this paper, two search channels are considered that target scenarios with same-flavour (SF) opposite-sign (OS) lepton (electron or muon) pairs. The first channel requires a lepton pair with an invariant mass $\documentclass[12pt]{minimal}
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                \begin{document}$$m_Z$$\end{document}$ ("on-shell *Z*" channel), while the second channel considers all SFOS lepton pairs ("edge" channel). The presence of two leptons in the final state suppresses large SM backgrounds from, e.g., QCD multijet and $\documentclass[12pt]{minimal}
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                \begin{document}$$W+\mathrm {jets}$$\end{document}$ production, providing a clean environment in which to search for new physics. As discussed further below, in such events the distribution of dilepton mass $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\ell \ell }$$\end{document}$ may be used to characterise the nature of the SUSY particle decay and constrain mass differences between SUSY particles.

The SFOS lepton pairs may be produced in the decay $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_{2}^{0} \rightarrow \ell ^{+}\ell ^{-} \tilde{\chi }_{1}^{0}$$\end{document}$ (or, in models of generalised gauge mediation with a gravitino LSP \[[@CR15]--[@CR17]\], via $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_{1}^{0} \rightarrow \ell ^{+}\ell ^{-} \tilde{G}$$\end{document}$). The properties of the $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_2^0$$\end{document}$ decay depend on the mass difference $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta m_\chi \equiv m_{\tilde{\chi }_{2}^{0}} - m_{\tilde{\chi }_{1}^{0}}$$\end{document}$, the mixing of the charginos and neutralinos, and on whether there are additional sparticles with masses less than $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\tilde{\chi }_{2}^{0}}$$\end{document}$ that may be produced in the decay of the $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_2^0$$\end{document}$ particle. For $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta m_\chi >m_Z$$\end{document}$, SFOS lepton pairs may be produced in the decay $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_{2}^{0} \rightarrow Z \tilde{\chi }_{1}^{0} \rightarrow \ell ^{+}\ell ^{-} \tilde{\chi }_{1}^{0}$$\end{document}$, leading to a peak in the invariant-mass distribution near $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\ell \ell } \approx m_Z$$\end{document}$. Such models are the target of the on-shell *Z* search. For $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_{2}^{0} \rightarrow Z^* \tilde{\chi }_{1}^{0} \rightarrow \ell ^{+}\ell ^{-} \tilde{\chi }_{1}^{0}$$\end{document}$ leads to a rising $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\ell \ell }$$\end{document}$ distribution that is truncated at a kinematic endpoint, whose position is given by $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\ell \ell }^{\text {max}}=\Delta m_\chi < m_Z$$\end{document}$, below the *Z* boson mass peak. If there are sleptons with masses less than $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_2^0$$\end{document}$ particle may decay as $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_{2}^{0} \rightarrow \tilde{\ell }^{\pm }\ell ^{\mp } \rightarrow \ell ^{+}\ell ^{-} \tilde{\chi }_{1}^{0}$$\end{document}$, also leading to a kinematic endpoint but with a different shape and $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\ell \ell }$$\end{document}$ endpoint position, given by $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\ell \ell }^{\mathrm {max}} = \sqrt{ (m^2_{\tilde{\chi }_2^0}-m^2_{\tilde{\ell }})(m^2_{\tilde{\ell }}-m^2_{\tilde{\chi }_1^0}) / m^2_{\tilde{\ell }}}$$\end{document}$, which may occur below, on, or above the *Z* boson mass peak. The latter two scenarios are targeted by the "edge" search channel, which considers the full $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\ell \ell }$$\end{document}$ range.

This paper reports on a search for SUSY in the same-flavour dilepton final state with $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {TeV}$$\end{document}$ recorded in 2015 and 2016 by the ATLAS detector at the LHC. Searches for SUSY in the $\documentclass[12pt]{minimal}
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                \begin{document}$$Z+\mathrm {jets}+E_{\text {T}}^{\text {miss}} $$\end{document}$ final state have previously been performed at $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {TeV}$$\end{document}$ by the CMS \[[@CR18], [@CR19]\] and ATLAS \[[@CR20]\] collaborations using Run-1 LHC data. In the ATLAS analysis performed with 20.3 fb$\documentclass[12pt]{minimal}
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                \begin{document}$$\text {TeV}$$\end{document}$ data reported in Ref. \[[@CR20]\], an excess of events above the SM background with a significance of 3.0 standard deviations was observed. The event selection criteria for the on-shell *Z* search in this paper are almost identical, differing only in the details of the analysis object definitions and missing transverse momentum. CMS performed a search with $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {TeV}$$\end{document}$ data in a similar kinematic region but did not observe evidence to corroborate this excess \[[@CR21]\].
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                \begin{document}$$2\ell +\mathrm {jets}+E_{\text {T}}^{\text {miss}} $$\end{document}$ have been performed by the CMS \[[@CR19], [@CR22]\] and ATLAS \[[@CR20]\] collaborations. In Ref. \[[@CR19]\], CMS reported an excess above the SM prediction with a significance of 2.6 standard deviations. In a similar search region, however, the Run-1 ATLAS analysis \[[@CR20]\] and Run-2 CMS analysis \[[@CR21]\] observed results consistent with the SM prediction.

ATLAS detector {#Sec2}
==============

The ATLAS detector \[[@CR23]\] is a general-purpose detector with almost $\documentclass[12pt]{minimal}
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                \begin{document}$$4\pi $$\end{document}$ coverage in solid angle.[1](#Fn1){ref-type="fn"} The detector comprises an inner tracking detector, a system of calorimeters, and a muon spectrometer.

The inner tracking detector (ID) is immersed in a 2 T magnetic field provided by a superconducting solenoid and allows charged-particle tracking out to $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta |=2.5$$\end{document}$. It includes silicon-pixel and silicon-strip tracking detectors inside a straw-tube tracking detector. In 2015 the detector received a new innermost layer of silicon pixels, which improves the track impact parameter resolution by almost a factor of two in both the transverse and longitudinal directions \[[@CR24]\].

High-granularity electromagnetic and hadronic calorimeters cover the region $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta |<4.9$$\end{document}$. All the electromagnetic calorimeters, as well as the endcap and forward hadronic calorimeters, are sampling calorimeters with liquid argon as the active medium and lead, copper, or tungsten as the absorber. The central hadronic calorimeter is a sampling calorimeter with scintillator tiles as the active medium and steel as the absorber.

The muon spectrometer uses several detector technologies to provide precision tracking out to $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta |<2.4$$\end{document}$, making use of a system of three toroidal magnets.

The ATLAS detector incorporates a two-level trigger system, with the first level implemented in custom hardware and the second level implemented in software. This trigger system selects events of interest at an output rate of about 1 kHz.

SUSY signal models {#Sec3}
==================

SUSY-inspired simplified models are considered as signal scenarios for these analyses. In all of these models, squarks or gluinos are directly pair-produced, decaying via an intermediate neutralino, $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_1^0$$\end{document}$). All sparticles not directly involved in the decay chains considered are effectively decoupled. Two example decay topologies are shown in Fig. [1](#Fig1){ref-type="fig"}. For all models with gluino-pair production, a three-body decay for $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }_1^0$$\end{document}$.Fig. 1Example decay topologies for two of the simplified models considered, involving gluino-pair production, with the gluinos following an effective three-body decay for $\documentclass[12pt]{minimal}
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Three models, one with squark-pair production and two with gluino-pair production, which result exclusively in events with two on-shell *Z* bosons in the final state are considered for the on-shell search. For two of these models, signal mass points are generated across the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tilde{g}$$\end{document}$--$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tilde{\chi }_2^0$$\end{document}$ (or $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tilde{q}$$\end{document}$--$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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                \begin{document}$$\text {GeV}$$\end{document}$, inspired by SUSY scenarios with a low-mass LSP (e.g. generalised gauge mediation). These two models are referred to here as the $\documentclass[12pt]{minimal}
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Data and Monte Carlo samples {#Sec4}
============================

The data used in this analysis were collected by ATLAS during 2015 and 2016, with a mean number of additional *pp* interactions per bunch crossing (*pile-up*) of approximately 14 in 2015 and 21 in 2016, and a centre-of-mass collision energy of 13 $\documentclass[12pt]{minimal}
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Data events are collected using a combination of single-lepton and dilepton triggers \[[@CR33]\], in order to maximise the signal acceptance. The dielectron, dimuon, and electron--muon triggers have leading-lepton $\documentclass[12pt]{minimal}
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Simulated event samples are used to aid in the estimation of SM backgrounds, validate the analysis techniques, optimise the event selection, and provide predictions for SUSY signal processes. All SM background samples used are listed in Table [2](#Tab2){ref-type="table"}, along with the parton distribution function (PDF) set, the configuration of underlying-event and hadronisation parameters (underlying-event tune) and the cross-section calculation order in $\documentclass[12pt]{minimal}
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Samples simulated using [MG5_aMC\@NLO]{.smallcaps} v2.2.2 \[[@CR34]\], interfaced with [Pythia]{.smallcaps} 8.186 \[[@CR35]\] with the [A14]{.smallcaps} underlying-event tune \[[@CR36]\] to simulate the parton shower and hadronisation, are generated at leading order in $\documentclass[12pt]{minimal}
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                \begin{document}$$\alpha _{\text {S}}$$\end{document}$ (LO) with the [NNPDF23LO]{.smallcaps} PDF set \[[@CR37]\]. For samples generated using [Powheg Box V2]{.smallcaps} \[[@CR38]--[@CR40]\], [Pythia]{.smallcaps} 6.428 \[[@CR41]\] is used to simulate the parton shower, hadronisation, and the underlying event. The [CTEQ6L1]{.smallcaps} PDF set is used with the corresponding [Perugia2012]{.smallcaps} \[[@CR42]\] tune. In the case of both the [MG5_aMC\@NLO]{.smallcaps} and [Powheg]{.smallcaps} samples, the [EvtGen]{.smallcaps} v1.2.0 program \[[@CR43]\] is used for properties of the bottom and charm hadron decays. [Sherpa]{.smallcaps} 2.1.1 \[[@CR44]\] simulated samples use the CT10 PDF set with [Sherpa]{.smallcaps}'s own internal parton shower \[[@CR45]\] and hadronisation methods, as well as the [Sherpa]{.smallcaps} default underlying-event tune. Diboson processes with four charged leptons, three charged leptons and a neutrino or two charged leptons and two neutrinos are simulated using the [Sherpa]{.smallcaps} 2.1.1 generator. Matrix elements contain all diagrams with four electroweak vertices. They are calculated for up to one ($\documentclass[12pt]{minimal}
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The SUSY signal samples are produced at LO using [MG5_aMC\@NLO]{.smallcaps} with the [NNPDF2.3LO]{.smallcaps} PDF set, interfaced with [Pythia]{.smallcaps} 8.186. The scale parameter for CKKW-L matching \[[@CR49], [@CR50]\] is set at a quarter of the mass of the gluino. Up to one additional parton is included in the matrix element calculation. The underlying event is modelled using the [A14]{.smallcaps} tune for all signal samples, and [EvtGen]{.smallcaps} is adopted to describe the properties of bottom and charm hadron decays. Signal cross sections are calculated at NLO in $\documentclass[12pt]{minimal}
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All of the SM background MC samples are subject to a full ATLAS detector simulation \[[@CR56]\] using [GEANT4]{.smallcaps} \[[@CR57]\]. A fast simulation \[[@CR56]\], which uses a combination of a parameterisation of the response of the ATLAS electromagnetic and hadronic calorimeters and [GEANT4]{.smallcaps}, is used in the case of signal MC samples. This fast simulation is validated by comparing a few chosen signal samples to some fully simulated points. Minimum-bias interactions are generated and overlaid on the hard-scattering process to simulate the effect of multiple *pp* interactions occurring during the same (in-time) or a nearby (out-of-time) bunch-crossing (pile-up). These are produced using [Pythia]{.smallcaps} 8.186 with the [A2]{.smallcaps} tune \[[@CR58]\] and [MSTW 2008]{.smallcaps} PDF set \[[@CR59]\]. The pile-up distribution in MC samples is simulated to match that in data during 2015 and 2016 *pp* data-taking.Table 2Simulated background event samples used in this analysis with the corresponding matrix element and parton shower generators, cross-section order in $\documentclass[12pt]{minimal}
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Analysis object identification and selection {#Sec5}
============================================

All analysis objects are categorised as either "baseline" or "signal" based on various quality and kinematic requirements. *Baseline* objects are used in the calculation of missing transverse momentum and to disambiguate between the analysis objects in the event, while the jets and leptons entering the final analysis selection must pass more stringent *signal* requirements. The selection criteria for both the baseline and signal objects differ from the requirements used in the Run-1 ATLAS $\documentclass[12pt]{minimal}
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Electron candidates are reconstructed from energy clusters in the electromagnetic calorimeter matched to ID tracks. Baseline electrons are required to have transverse energy $\documentclass[12pt]{minimal}
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Baseline muons are reconstructed from either ID tracks matched to muon segments (collections of hits in a single muon spectrometer layer) or combined tracks formed from the ID and muon spectrometer \[[@CR76]\]. They must satisfy the "medium" selection criteria described in Ref. \[[@CR76]\], and to satisfy $\documentclass[12pt]{minimal}
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Jets are reconstructed from topological clusters of energy \[[@CR77]\] in the calorimeter using the anti-$\documentclass[12pt]{minimal}
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Photon candidates must satisfy "tight" selection criteria described in Ref. \[[@CR87]\], have $\documentclass[12pt]{minimal}
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To avoid the duplication of analysis objects in more than one baseline selection, an overlap removal procedure is applied. Any baseline jet within $\documentclass[12pt]{minimal}
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All MC samples have correction factors applied to take into account small differences between data and MC simulation in identification, reconstruction and trigger efficiencies for leptons. The $\documentclass[12pt]{minimal}
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Event selection {#Sec6}
===============

For each search channel, signal regions (SRs) are designed to target events from specific SUSY signal models. Control regions (CRs) are defined to be depleted in SUSY signal events and enriched in specific SM backgrounds, and they are used to assist in estimating these backgrounds in the SRs. To validate the background estimation procedures, various validation regions (VRs) are defined to be analogous to the CRs and SRs, but with less stringent requirements than the SRs on $\documentclass[12pt]{minimal}
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Events in SRs are required to contain at least two signal leptons (electrons or muons). If more than two signal leptons are present in a given event, the selection process continues based on the two leptons with the highest $\documentclass[12pt]{minimal}
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The selected events must pass at least one of the leptonic triggers. If an event is selected by a dilepton trigger, the two leading, highest $\documentclass[12pt]{minimal}
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As at least two jets are expected in all signal models studied, selected events are further required to contain at least two signal jets. Furthermore, events in which the azimuthal opening angle between either of the leading two jets and the $\documentclass[12pt]{minimal}
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The various methods used predict the background in the SRs are discussed in Sect. [7](#Sec7){ref-type="sec"}. The selection criteria for the CRs, VRs, and SRs are summarised in Tables [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"}. The most important of these regions are shown graphically in Fig. [2](#Fig2){ref-type="fig"}.Table 3Overview of all signal (SR), control (CR) and validation regions (VR) used in the on-shell *Z* search. The flavour combination of the dilepton pair is denoted as either "SF" for same-flavour or "DF" for different-flavour. All regions require at least two leptons, unless otherwise indicated. In the case of CR$\documentclass[12pt]{minimal}
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Fig. 2Schematic diagrams of the control (CR), validation (VR) and signal regions (SR) for the on-shell *Z* (*top*) and edge (*bottom*) searches. For the on-shell *Z* search the various regions are shown in the $\documentclass[12pt]{minimal}
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Background estimation {#Sec7}
=====================

The dominant background processes in the SRs are "flavour-symmetric" (FS) backgrounds, where the ratio of *ee*, $\documentclass[12pt]{minimal}
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The production of *WZ* / *ZZ* dibosons contributes approximately 30% of the SM background in SRZ and up to 20% of the background in the edge SR $\documentclass[12pt]{minimal}
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Flavour-symmetric backgrounds {#Sec8}
-----------------------------

The flavour-symmetric background is dominant in all SRs. To estimate the contribution of this background to each SR, the so-called "flavour-symmetry" method, detailed in Ref. \[[@CR20]\], is used. In this method, data events from a DF control sample, which is defined with the same kinematic requirements as the SR, are used to determine the expected event yields in the SF channels. In the on-shell *Z* analysis, the method is used to predict the background yield in the *Z* mass window, defined as $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$81<m_{\ell \ell }<101$$\end{document}$ $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text {GeV}$$\end{document}$. In the edge analysis, the method is extended to predict the full dilepton mass shape, such that a prediction can be extracted in any of the predefined $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\ell \ell }$$\end{document}$ windows.
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For the on-shell search, this method is complicated slightly by a widening of the $\documentclass[12pt]{minimal}
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Fake-lepton background {#Sec10}
----------------------
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                \begin{document}$$m_{\ell \ell }$$\end{document}$, the fake-lepton background can make up to 15% of the total background. In this method a control sample is constructed using baseline leptons, thereby enhancing the probability of selecting a fake lepton due to the looser lepton selection and identification criteria relative to the signal lepton selection. For each relevant CR, VR or SR, the region-specific kinematic requirements are placed upon this sample of baseline leptons. The number of events in this sample in which the selected leptons subsequently pass ($\documentclass[12pt]{minimal}
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This method is validated by checking the closure in MC simulation and data--background agreement in VR-fake.

Diboson and rare top processes {#Sec11}
------------------------------

The remaining SM background contribution in the SRs is due to *WZ* / *ZZ* diboson production and rare top processes ($\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t} WW$$\end{document}$). The rare top processes compose \<5% of the expected SM background in the SRs and are taken directly from MC simulation.
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\ell \ell }$$\end{document}$ most consistent with the *Z* mass is indentified as the *Z* candidate. The transverse mass of the remaining lepton and the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_{\text {T}}^{\text {miss}}$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\text {T}}(\ell _{3},E_{\text {T}}^{\text {miss}})$$\end{document}$, is then required to be \<100 $\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\text {T}} $$\end{document}$ distributions show good agreement. An additional three-lepton VR (VR-3L) is defined to provide validation of the diboson background in a region of phase space closer to the SR; good agreement is observed in this region as well.

Results in validation regions {#Sec12}
-----------------------------

The expected background yields in VR-S are shown in Table [6](#Tab6){ref-type="table"} and compared with the observed data yield. Agreement between the data and the expected Standard Model background is observed. The expected background yields in the three diboson VRs are also shown in Table [6](#Tab6){ref-type="table"}. The data are consistent with the expected background. Similar information for the edge VRs is provided in Table [7](#Tab7){ref-type="table"}. Data and background estimates are in agreement within uncertainties.

Figure [4](#Fig4){ref-type="fig"} shows the observed and expected $\documentclass[12pt]{minimal}
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The observed MC closure is good in all validation regions. The data agree with the expected background in the validation regions as well. No significant discrepancies or trends are apparent.Table 6Expected and observed event yields in the four validation regions, VR-S, VR-WZ, VR-ZZ, and VR-3L. The flavour-symmetric, $\documentclass[12pt]{minimal}
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Table 7Expected and observed event yields in the three validation regions, VR-low, VR-medium and VR-high. The quoted uncertainties include statistical and systematic contributions. The individual uncertainties can be correlated and do not necessarily add up in quadrature to the total systematic uncertaintyVR-lowVR-mediumVR-highObserved events16,2531917314Total expected background events16,500 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pm 700$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1990\pm 150$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$340\pm 60$$\end{document}$Data-driven flavour-symmetry events14,700 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pm 600$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1690\pm 120$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$250\pm 50$$\end{document}$*WZ* / *ZZ* events$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ 250 \pm 80 $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${40} \pm {19}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${9}\pm {6}$$\end{document}$Data-driven $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Z/\gamma ^{*}+\text {jets}$$\end{document}$ ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\gamma +\text {jets}$$\end{document}$) events$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${ 1100}\pm {400}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$130\pm 70$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${ 50}\pm {29}$$\end{document}$Rare top events$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${ 87} \pm {23}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$27\pm 7$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${ 6.5}\pm {1.8}$$\end{document}$Data-driven fake-lepton events$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${ 270}\pm {100}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${ 98}\pm {35}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${ 20}\pm {11}$$\end{document}$

Fig. 4Validation of the flavour-symmetry method for the edge search using MC events (*left*) and data (*right*), in the VR-low (*top*), VR-medium (*middle*), and VR-high (*bottom*) regions. In the MC plots the flavour-symmetry estimate from $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ MC samples is compared with the observed SF distribution from these MC samples, with the MC statistical uncertainty indicated by the *hashed bands*. In the data plots, all uncertainties in the background prediction are included in the *hashed band*. The rare top and data-driven fake-lepton backgrounds are grouped under "other" backgrounds. The *bottom panel* of each figure shows the ratio of the observation (*left* in MC simulation; *right* in data) to the prediction. In cases where the data point is not accommodated by the scale of this *panel*, a *red arrow* indicates the direction in which the point is out of range. The last bin contains the overflow

Systematic uncertainties {#Sec13}
========================

The data-driven background estimates are subject to uncertainties associated with the methods employed and the limited number of events used in their estimation. The dominant uncertainty (10%) for the flavour-symmetry-based background estimate in SRZ is due to the limited number of events in CR-FS. Other systematic uncertainties assigned to this background estimate include those due to MC closure (3%), the measurement of the efficiency correction factors (3%) and the extrapolation in $\documentclass[12pt]{minimal}
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The uncertainties in the fake-lepton background stem from the number of events in the regions used to measure the real- and fake-lepton efficiencies, the limited size of the inclusive loose-lepton sample, and from varying the region used to measure the fake-lepton efficiency. The nominal fake-lepton efficiency is compared with those measured in a region with *b*-tagged jets and a region with a *b*-jet, as well as a region with the prompt-lepton subtraction varied by $\documentclass[12pt]{minimal}
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                \begin{document}$$20\%$$\end{document}$. Varying the sample composition via *b*-jet tagging gives the largest uncertainty. The uncertainty for the edge SRs from the statistical component of the lepton efficiencies is 30--45%, and from varying the region for the fake-lepton efficiency it is 50--75%. The uncertainties in SRZ are generally larger due to the small number of events contributing to the estimate in this region.

Theoretical and experimental uncertainties are taken into account for the signal models, as well as background processes that rely on MC simulation. The estimated uncertainty in the luminosity measurement is $\documentclass[12pt]{minimal}
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The *WZ* / *ZZ* processes are assigned a cross-section uncertainty of $\documentclass[12pt]{minimal}
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For signal models, the nominal cross section and the uncertainty are taken from an envelope of cross-section predictions using different PDF sets and factorisation and renormalisation scales, as described in Refs. \[[@CR95], [@CR96]\]. These are calculated at next-to-leading-logarithm accuracy (NLO + NLL) \[[@CR51]--[@CR55]\], and the resulting uncertainties range from 16 to 30%.

A breakdown of the dominant uncertainties in the background prediction in the SRs is provided in Table [8](#Tab8){ref-type="table"} for the on-shell *Z* and edge searches. Here these uncertainties are quoted relative to the total background. In the case of the edge regions a range is quoted, taking into account the relative contribution of the given uncertainty in each of the $\documentclass[12pt]{minimal}
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Results {#Sec14}
=======

Results in SRZ {#Sec15}
--------------

For the on-shell *Z* search, the expected background and observed yields in the SR are shown in Table [9](#Tab9){ref-type="table"}. A total of 60 events are observed in data with a predicted background of $\documentclass[12pt]{minimal}
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Fig. 5The expected and observed yields in the validation regions and signal region of the on-shell *Z* search. The rare top and data-driven fake-lepton backgrounds are grouped under "other" backgrounds. The significance of the difference between the data and the expected background (see *text* for details) is shown in the *bottom plot*; for regions in which the data yield is less than expected, the significance is set to zero. The *hashed uncertainty bands* include the statistical and systematic uncertainties in the background prediction
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Results in the edge SRs {#Sec16}
-----------------------

The integrated yields in the edge signal regions are compared to the expected background in Table [10](#Tab10){ref-type="table"}. To allow for the visualisation of a potential edge, the full $\documentclass[12pt]{minimal}
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Interpretation {#Sec17}
==============

In this section, exclusion limits are shown for the SUSY models detailed in Sect. [3](#Sec3){ref-type="sec"}. The asymptotic $\documentclass[12pt]{minimal}
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The results of the on-shell *Z* search are interpreted in a simplified model with gluino-pair production, where each gluino decays as $\documentclass[12pt]{minimal}
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Model-independent upper limits at 95% CL on the number of events that could be attributed to non-SM sources ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$S^{95}$$\end{document}$) for SRZ are derived using the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$CL_{\text {S}}$$\end{document}$ prescription and neglecting possible signal contamination in the CRs. For these upper limits, pseudo-experiments are used rather than the asymptotic approximation. The expected and observed upper limits are given in Table [9](#Tab9){ref-type="table"}. The same information is given for the 24 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\ell \ell }$$\end{document}$ ranges of the edge search in Table [11](#Tab11){ref-type="table"}.Fig. 14Expected and observed exclusion contours derived from the results in the edge search SRs for the slepton signal model. The *dashed blue line* indicates the expected limits at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$95\%$$\end{document}$ CL and the *yellow band* shows the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1\sigma $$\end{document}$ variation of the expected limit as a consequence of the uncertainties in the background prediction and the experimental uncertainties in the signal ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pm 1\sigma _\text {exp}$$\end{document}$). The observed limits are shown by the *solid red lines*, with the *dotted red lines* indicating the variation resulting from changing the signal cross section within its uncertainty ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pm 1\sigma ^\text {SUSY}_\text {theory}$$\end{document}$) Fig. 15Expected and observed exclusion contours derived from the results in the edge search SRs and SRZ for the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Z^{(*)}$$\end{document}$ model. The *dashed* and *solid blue lines* indicate the expected and observed limits at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$95\%$$\end{document}$ CL from the results in the edge SRs, while the *thick dashed* and *solid red lines* indicate the expected and observed limits at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$95\%$$\end{document}$ CL from the results in SRZ

Conclusion {#Sec18}
==========

This paper presents two searches for new phenomena in final states containing a same-flavour opposite-sign lepton (electron or muon) pair, jets, and large missing transverse momentum using $\documentclass[12pt]{minimal}
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ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector and the *z*-axis along the beam pipe. The *x*-axis points from the IP to the centre of the LHC ring, and the *y*-axis points upward. Cylindrical coordinates $\documentclass[12pt]{minimal}
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The distance of closest approach between a particle object and the primary vertex (beamline) in the longitudinal (transverse) plane is denoted by $\documentclass[12pt]{minimal}
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